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57 ABSTRACT 

In a spread spectrum device including a serial to parallel 
converter (14) for converting a serial information signal (10) 
into a parallel signal of n bits, where n represents an integer 
not Smaller than two. an information modulator (20) carries 
out information modulation on m bits among the n bits of the 
parallel signal and produces a modulated information signal, 
where m represents a positive integer Smaller than n. A 
Selective spreading code producing circuit (21, 22) has 
spectrum spreading codes which are equal in number to 
2" and are different from one another. The selective 
spreading code producing circuit selectively produces, as a 
selected spreading code, one of the spectrum spreading 
codes that is specified by remaining (n-n) bits among then 
bits of the parallel signal. A spectrum spreading circuit (23) 
carries out spectrum spreading on the modulated informa 
tion signal on the basis of the selected spreading code and 
produces a spectrum spread signal (13). The spectrum 
spread signal may be transmitted by a radio portion (18) as 
a radio information signal (11). 

6 Claims, 5 Drawing Sheets 
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1. 

SPREAD SPECTRUMMETHOD FOR 
TRANSMITTING AN INFORMATION 

SIGNAL AS A RADIO SIGNALATA HIGH 
SPEED 

BACKGROUND OF THE INVENTION 

This invention relates to a spread spectrum method and 
device for spectrum spreading a serial information signal 
into a spectrum spread signal. This invention relates also to 
a radio information transmitting method and device for 
transmitting the serial information signal as a radio infor 
mation signal by the use of the spread spectrum method and 
device. 

A radio information transmitting device which makes use 
of a spread spectrum method, is used, for example, in a 
private branch radio communication network, such as a 
radio LAN (Local Area Network) and in radio communica 
tion by a weak radio wave of a low intensity. Such a spread 
spectrum method is disclosed in, for example, Japanese 
Unexamined Patent Publications Nos. 2-299334 (namely, 
299334/1990) and 3-238943 (238943/1991). The spread 
spectrum method is classified into a direct sequence spread 
spectrum (DS-SS) method, a frequency hopping (FH) 
method, and a combination of the DS-SS method and the FH 
method. Among those, the DS-SS method is most often 
used. 

A conventional spread spectrum method which will later 
be described, is in accordance with the DS method and 
makes it impossible to transmit a serial information signal as 
a radio information signal at a high speed. This is because 
the serial information signal is transmitted as the radio 
information signal with all bits of the serial information 
signal subjected to spectrum spreading on the basis of a fixed 
spreading code which is determined independently of the 
bits of the information signal. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
spread spectrum method which makes it possible to transmit 
a serial information signal as a radio information signal at a 
high speed. 

It is a specific object of this invention to provide a spread 
spectrum device which makes it possible to transmit a serial 
information signal as a radio information signal at a high 
speed. 

It is a further object of this invention to provide a radio 
information transmitting method which can transmit a serial 
information signal as a radio information signal at a high 
speed. 

It is a different object of this invention to provide a radio 
information transmitting device which can transmit a serial 
information signal as a radio information signal at a high 
speed. 

Other objects of this invention will become clear as the 
description proceeds. 
According to an aspect of this invention, there is provided 

a method which is for spectrum spreading a serial informa 
tion signal into a spectrum spread signal and which com 
prises the steps of: serial to parallel converting the serial 
information signal into a parallel signal of n bits, where n 
represents an integer not Smaller than two; carrying out 
information modulation on m bits among the n bits of the 
parallel signal to produce a modulated information signal, 
where m represents a positive integer Smaller than n; selec 
tively producing, as a selected spreading code, one of 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

2 
spectrum spreading codes which are equal in number to 
2 and are different from one another, the above 
mentioned one of spectrum spreading codes being specified 
by remaining (n-m) bits among the n bits of the parallel 
signal; and carrying out spectrum spreading on the modu 
lated information signal on the basis of the selected spread 
ing code to produce the spectrum spread signal. 

According to another aspect of this invention, there is 
provided a method which is for spectrum spreading a serial 
information signal into a spectrum spread signal and which 
comprises the steps of: serial to parallel converting the serial 
information signal into a parallel signal of (i+qtu--v) bits, 
where each of i, q, u, and V represents a positive integer, i 
being equal to q; carrying out information modulation on i 
bits among the (i+q-u-v) bits of the parallel signal and on 
q bits among the (i+q-ul-v) bits of the parallel signal to 
produce first and second modulated information signals, 
respectively; selectively producing, as a first selected 
spreading code, one of first spectrum spreading codes which 
are equal in number to 2" and are different from one another, 
the above-mentioned one of the first spectrum spreading 
codes being specified by u bits of remaining (u-v) bits 
among the (i+qu+v) bits of the parallel signal; selectively 
producing, as a second selected spreading code, one of 
second spectrum spreading codes which are equal in number 
to 2' and are different from one another and from the first 
spectrum spreading codes, the above-mentioned one of the 
second spectrum spreading codes being specified by remain 
ing v bits among the (i-qi-u-v) bits of the parallel signal; 
carrying out spectrum spreading on the first modulated 
information signal on the basis of the first selected spreading 
code to produce a first spectrum spread signal; and carrying 
out spectrum spreading on the second modulated informa 
tion signal on the basis of the second selected spreading code 
to produce a second spectrum spread signal. The first and the 
second spectrum spread signals are for use collectively as 
the spectrum spread signal. 

According to a specific aspect of this invention, there is 
provided a spread spectrum device which is for spectrum 
spreading a serial information signal into a spectrum spread 
signal and which comprises: a serial to parallel converter for 
converting the serial information signal into a parallel signal 
of n bits, where n represents an integer not smaller than two; 
an information modulator connected to the serial to parallel 
converter for carrying out information modulation on m bits 
among the n bits of the parallel signal to produce a modu 
lated information signal, where m represents a positive 
integer smaller than n; selective spreading code producing 
means having spectrum spreading codes which are equal in 
number to 2" and are different from one another, the 
Selective spreading code producing means being connected 
to the serial to parallel converter for selectively producing, 
as a selected spreading code, one of the spectrum spreading 
codes that is specified by remaining (n-m) bits among the n 
bits of the parallel signal; and spectrum spreading means 
connected to the information modulator and the selective 
spreading code producing means for carrying out spectrum 
spreading on the modulated information signal on the basis 
of the selected spreading code to produce the spectrum 
spread signal. 

According to another specific aspect of this invention, 
there is provided a spread spectrum device which is for 
spectrum spreading a serial information signal into a spec 
trum spread signal and which comprises: a serial to parallel 
converter for converting the serial information signal into a 
parallel signal of (iq-u-v) bits, where each of i, q, u, and 
v represents a positive integer, i being equal to q; an 
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information modulator connected to the serial to parallel 
converter for carrying out information modulation on ibits 
among the (i+qu--v) bits of the parallel signal and on q bits 
among the (i+q-ul-v) bits of the parallel signal to produce 
first and second modulation information signals, respec 
tively; first selecting spreading code producing means hav 
ing first spectrum spreading codes which are equal in 
number to 2" and are different from one another, the first 
selective spreading code producing means being connected 
to the serial to parallel converter for selectively producing, 
as a first selected spreading code, one of the first spectrum 
spreading codes that is specified by ubits of remaining (u--v) 
bits among the (i+qu--v) bits of the parallel signal; second 
selective spreading code producing means having second 
spectrum spreading codes which are equal in number to 2' 
and are different from one another and from the first spec 
trum spreading codes, the second selective spreading code 
producing means being connected to the serial to parallel 
converter for selectively producing, as a second selected 
spreading code, one of the second spectrum spreading codes 
that is specified by remaining v bits among the (i+qhu--v) 
bits of the parallel signal; first spectrum spreading means 
connected to the information modulator and the first selec 
tive spreading code producing means for carrying out spec 
trum spreading on the first modulated information signal on 
the basis of the first selected spreading code to produce a 
first spectrum spread signal; and second spectrum spreading 
means connected to the information modulator and the 
second selective spreading code producing means for car 
rying out spectrum spreading on the second modulated 
information signal on the basis of the second selected 
spreading code to produce a second spectrum spread signal. 
The first and the second spectrum spread signals are for use 
collectively as the spectrum spread signal. 

According to a further aspect of this invention, there is 
provided a method which is for transmitting a serial infor 
mation signal as a radio information signal and which 
comprises the steps of: serial to parallel converting the serial 
information signal into a parallel signal of n bits, where n 
represents an integer not Smaller than two; carrying out 
information modulation on m bits among the n bits of the 
parallel signal to produce a modulated information signal, 
where m represents a positive integer smaller than n; selec 
tively producing, as a selected spreading code, one of 
spectrum spreading codes which are equal in number to 
2" and are different from one another, the above 
mentioned one of spectrum spreading codes being specified 
by remaining (n-m) bits among the n bits of the parallel 
signal; carrying out spectrum spreading on the modulated 
information signal on the basis of the selected spreading 
code to produce a spectrum spread signal; and transmitting 
the spectrum spread signal as the radio information signal. 

According to a still further aspect of this invention, there 
is provided a method which is for transmitting a serial 
information signal as a radio information signal and which 
comprises the steps of: serial to parallel converting the serial 
information signal into a parallel signal of (i+qt+u--v) bits, 
where each of i, q, u, and v represents a positive integer, i 
being equal to q; carrying out information modulation on i 
bits among the (i+qt+u+v) bits of the parallel signal and on 
q bits among the (i+qt+u--v) bits of the parallel signal to 
produce first and second modulated information signals, 
respectively; selectively producing, as a first selected 
spreading code, one offirst spectrum spreading codes which 
are equal in number to 2" and are different from one another, 
the above-mentioned one of the first spectrum spreading 
codes being specified by u bits of remaining (u--v) bits 
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4 
among the (i+q-u-v) bits of the parallel signal; selectively 
producing, as a second selected spreading code, one of 
second spectrum spreading codes which are equalin number 
to 2' and are different from one another and from the first 
spectrum spreading codes, the above-mentioned one of the 
second spectrum spreading codes being specified by remain 
ing v bits among the (i+qu--v) bits of the parallel signal; 
carrying out spectrum spreading on the first modulated 
information signal on the basks of the first selected spread 
ing code to produce a first spectrum spread signal; carrying 
out spectrum spreading on the second modulated informa 
tion signal on the basis of the second selected spreading code 
to produce a second spectrum spread signal; and transmit 
ting the first and the second spectrum spread signals as the 
radio information signal. 

According to a different aspect of this invention, there is 
provided a radio information transmitting device which is 
for transmitting a serial information signal as a radio infor 
mation signal and which comprises: a serial to parallel 
converter for converting the serial information signal into a 
parallel signal of n bits, where n represents an integer not 
smaller than two; an information modulator connected to the 
serial to parallel converter for carrying out information 
modulation on m bits among the n bits of the parallel signal 
to produce a modulated information signal, where m repre 
sents a positive integer smaller than n; selective spreading 
code producing means having spectrum spreading codes 
which are equal in number to 2" and are different from 
one another, the selective spreading code producing means 
being connected to the serial to parallel converter for selec 
tively producing, as a selected spreading code, one of the 
spectrum spreading codes that is specified by remaining 
(n-m) bits among the n bits of the parallel signal; spectrum 
spreading means connected to the information modulator 
and the selective spreading code producing means for car 
rying out spectrum spreading on the modulated information 
signal on the basis of the selected spreading code to produce 
a spectrum spread signal; and transmitting means connected 
to the spectrum spreading means for transmitting the spec 
trum spread signal as the radio information signal. 

According to another different aspect of this invention, 
there is provided a radio information transmitting device 
which is for transmitting a serial information signal as a 
radio information signal and which comprises: a serial to 
parallel converter for converting the serial information sig 
nal into a parallel signal of (i+qu--v) bits, where each of i, 
q, u, and V represents a positive integer, i being equal to q; 
an information modulator connected to the serial to parallel 
converter for carrying out information modulation on ibits 
among the (i+qu--v) bits of the parallel signal and on q bits 
among the (i+qu--v) bits of the parallel signal to produce 
first and second modulated information signals, respec 
tively; first selective spreading code producing means hav 
ing first spectrum spreading codes which are equal in 
number to 2" and are different from one another, the first 
selective spreading code producing means being connected 
to the serial to parallel converter for selectively producing, 
as a first selected spreading code, one of the first spectrum 
spreading codes that is specified by ubits of remaining (u--v) 
bits among the (i+qu--v) bits of the parallel signal; second 
selective spreading code producing means having second 
spectrum spreading codes which are equal in number to 2' 
and are different from one another and from the first spec 
trum spreading codes, the second selective spreading code 
producing means being connected to the serial to parallel 
converter for selectively producing, as a second selected 
spreading code, one of the second spectrum spreading codes 
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that is specified by remaining v bits among the (i+q-Hu--v) 
bits of the parallel signal; first spectrum spreading means 
connected to the information modulator and the first selec 
tive spreading code producing means for carrying out spec 
trum spreading on the first modulated information signal on 
the basis of the first selected spreading code to produce a 
first spectrum spread signal; second spectrum spreading 
means connected to the information modulator and the 
Second Selective spreading code producing means for car 
rying out spectrum spreading on the second modulated 
information signal on the basis of the second selected 
spreading code to produce a second spectrum spread signal; 
and transmitting means connected to the first and the second 
spectrum spreading means for transmitting the first and the 
Second spectrum spread signals as the radio information 
signal. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a radio information trans 
mitting device for use in carrying out a conventional spread 
spectrum method; 

FIG. 2 is a block diagram of a radio information trans 
mitting device for use in carrying out a spread spectrum 
method according to a first embodiment of this invention; 

FIG. 3 is a block diagram of a radio information trans 
mitting device for use in carrying out a spread spectrum 
method according to a second embodiment of this invention; 

FIG. 4 is a block diagram of aradio information receiving 
device which is used as a counterpart of the radio informa 
tion transmitting device illustrated in FIG. 2; 

FIG. 5 is a view for use in describing operation of the 
radio information transmitting device illustrated in FIG. 2 
and of the radio information receiving device illustrated in 
FIG. 4; 

FIG. 6 is another view for use in describing operation of 
the radio information transmitting device illustrated in FIG. 
2 and of the radio information receiving device illustrated in 
FIG. 4; 

FIG. 7 is still another view for use in describing operation 
of the radio information transmitting device illustrated in 
FIG. 2 and of the radio information receiving device illus 
trated in FIG. 4: 

FIG. 8 is a further view for use in describing operation of 
the radio information transmitting device illustrated in FIG. 
2 and of the radio information receiving device illustrated in 
FIG. 4; and 

FIG. 9 is a block diagram of a radio information receiving 
device which is used as a counterpart of the radio informa 
tion transmitting device illustrated in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, description will first be made as 
regards a radio information transmitting device for use in 
carrying out a conventional spread spectrum method which 
is equivalent to that described in the preamble of the instant 
specification. The radio information transmitting device is 
for transmitting a serial information signal 10 as a radio 
information signal 11 and comprises a spread spectrum 
device 12 to carry out the conventional spread spectrum 
method. 
The spread spectrum device 12 is for spectrum spreading 

the serial information signal 10 into a spectrum spread signal 
13 and comprises a serial to parallel converter 14 which 
converts the serial information signal 10 into a parallel 
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6 
signal of n bits, where n represents an integer not smaller 
than two. Connected to the serial to parallel converter 14, an 
information modulator 15 carries out information modula 
tion on the n bits of the parallel signal to produce a 
modulated information signal. A spreading code generator 
16 generates a fixed spreading code which is determined 
independently of the bits of the information signal 10. 

Connected to the information modulator 15 and the 
spreading code generator 16, a multiplier 17 multiplies the 
modulated information signal and the fixed spreading code 
together to produce a multiplied signal as the spectrum 
spread signal 13. Thus, the multiplier 17 serves as a spec 
trum spreading circuit which carries out spectrum spreading 
on the modulated information signal on the basis of the fixed 
spreading code to produce the spectrum spread signal 13. 
The radio information transmitting device further com 

prises a radio portion 18 which transmits the spectrum 
spread signal 13 as the radio information signal 11 through 
an antenna 19. Thus, a combination of the radio portion 18 
and the antenna 19 is operable as a transmitting circuit which 
transmits the spectrum spread signal 13 as the radio infor 
mation signal 11. 

Let the serial information signal 10 be represented by a(t), 
the modulated information signal, by b(t), a spreading code 
signal generated by the spreading code generator 16, by c(t), 
and the spectrum spread signal 13, by s(t). In this event, the 
spectrum spread signal s(t) is given by: 

The serial information signal act) has a data rate Ra (bit/s). 
The modulated information signal b(t) has a symbol rate Rb 
(symbol/s). The spreading code signal c(t) has a chip rate RC 
(chip/s). The spectrum spread signal s(t) has abandwidth W 
(Hz). The spectrum spreading ratio or factor is depicted at K. 
The information modulator 15 has a multilevel index or 
factorm (m=n in the illustrated example). In this event, the 
following relationship holds: 

Wa2Rc K-ReARb and Ranirbnb. (1) 

From Equations (1), the data rate Ra of the serial infor 
mation signal 10 is given by: 

RanW2K. (2) 

In a private branch radio communication network, such as 
a radio LAN, there is a stronger demand for an increase in 
the data rate of the serial information signal 10 in order to 
match with a cable LAN. 

Considering Equation (2), three approaches can be pro 
posed in order to increase the data rate of the information 
signal 10. 
(a) to widen the bandwidth W. 
(b) to reduce the spectrum spreading ratio K, and 
(c) to increase the multilevel index or factor m of the 

information modulation (to increase m or n). 
Generally, the bandwidth W and the spectrum spreading 

ratio Kare restricted. In the radio LAN of an ISM (Industry, 
Science, and Medical) band in Japan, the bandwidth W 
should not exceed 26 MHz while the spreading ratio Kmust 
not be smaller than 10. Thus, the approaches (a) and (b) can 
not be practically used. One possible approach is therefore 
to increase the number m of multilevels of the information 
modulation as described in (c). As a conventional informa 
tion modulation system of a DS type, use has generally been 
made of a quadrature phase shift keying (QPSK) system 
(m=2). To further increase the number m of multilevels, use 
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may be made of a 8PSK system (m=3), a 16PSK system 
(m=4), or a 16 quadrature amplitude modulation (QAM) 
system (m=4). From Equation (2), the data rate Ra of the 
serial information signal 10 is given by: 

Ra=2WK (16PSK or 16QAM). (3) 

That is, the data rate in the 8PSK system is 1.5 times as high 
as the data rate in the QPSK system. The data rate in the 
16PSK or the 16QAM system is twice as high as the data 
rate in the QPSK system. 
When the data rate is increased as mentioned above, 

various problems arise. At first, in the 8PSK or the 16PSK 
system, an interval or distance between signal points is Small 
as compared with the QPSK system. Specifically, a phase 
difference between the signal points is equal to Tula, TL/8, and 
Tt/16 in the QPSK, the 8PSK, and the 16PSK or the 16QAM 
systems, respectively. Under the condition where a signal 
to-noise ratio S/N is identical, a bit error rate is deteriorated 
in proportion to the magnitude of the multilevel index m. 
Taking the above into consideration, error correction must 
be carried out in the PSK systems of an increased number of 
levels. As a result, the data rate of the information signal is 
inevitably reduced due to a coding ratio of error correction. 

Secondly, in the private branch radio communication 
network, such as a radio LAN, it is required to cover a 
service area within a range between 10 cm and 100 m. If an 
NTT (Nippon Telegraph and Telephone Corporation in 
Japan) model is used as a propagation model in a room, a 
dynamic range is approximately equal to 60dB to satisfy the 
above-mentioned requirement. In the 16QAM system using 
amplitude information in addition to phase information, it is 
necessary to secure a linearity in a radio portion of the radio 
information receiving device over a wide range of about 
60dB in order to avoid deterioration of the error rate. This 
results in an increased cost of the radio portion of the radio 
information receiving device. 

This invention provides a radio information transmitting 
device of the direct sequence spectrum spreading (DS-SS) 
system, which device is capable of increasing the data rate 
at a relatively low cost. 
Turning to FIG. 2, description will proceed to a radio 

information transmitting device for use in carrying out a 
spread spectrum method according to a first embodiment of 
this invention. The radio information transmitting device 
comprises similar parts designated by like reference numer 
als. The radio information transmitting device comprises 
another spread spectrum device 12 which is similar to the 
spread spectrum device 12 of FIG. 1 except for the follow 
1ng. 
An information modulator 20 is connected to the serial to 

parallel converter 14 to carry out information modulation on 
m bits among the n bits of the parallel signal to produce a 
modulated information signal, where m represents a positive 
integer Smaller than n. A spreading code generator 21 
generates spectrum spreading codes which are equal in 
number to 2" and are different from one another. In the 
illustrated example, the spectrum spreading codes are 
depicted by C1, C2, ..., and Ck. Connected to the serial to 
parallel converter 14 and the spreading code generator 21, a 
spreading code selector 22 selects, as a selected spreading 
code, one of the spectrum spreading codes that is specified 
by remaining (n-m) bits among the n bits of the parallel 
signal. 
Thus, a combination of the spreading code generator 21 

and the spreading code selector 22 serves as a selective 
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8 
spreading code producing circuit having the spectrum 
spreading codes which are equal in number to 2" and are 
different from one another. Connected to the serial to parallel 
converter 14, the selective spreading code producing circuit 
selectively produces, as the selected spreading code, one of 
the spectrum spreading codes that is specified by the remain 
ing (n-m) bits among the n bits of the parallel signal. 

Connected to the information modulator 20 and the 
spreading code selector 22, a multiplier 23 multiplies the 
modulated information signal and the selected spreading 
code together to produce a multiplied signal as the spectrum 
spread signal 13. Thus, the multiplier 23 serves as a spec 
trum spreading circuit which carries out spectrum spreading 
on the modulated information signal on the basis of the 
selected spreading code to produce the spectrum spread 
signal 13. 

It will be assumed here that n is equal to 4 bits and that 
information modulation is carried out by the QPSK system 
(m=2 bits). At first, the serial information signal 10 is 
converted by the serial to parallel converter 14 into the 
parallel signal of 4 bits. Among those, two bits are supplied 
to the information modulator 20 and subjected to QPSK 
modulation to produce the modulated information signal. In 
response to the condition of the remaining two bits of the 
parallel signal, the spreading code selector 22 selects, as the 
selected spreading code Cs (s=1 to k=4), one of four 
spectrum spreading codes generated by the spreading code 
generator 21. The multiplier 21 multiplies the modulated 
information signal and the selected spreading code Cs to 
produce the spectrum spread signal 13. The spectrum spread 
signal 13 is transmitted through the radio portion 18 and the 
antenna 19. 

It will be supposed like in the device of FIG. 1 that the 
data rate of the serial information signal 10 is represented by 
Ra; the symbol rate of the QPSK modulated information 
signal being represented by Rb; the chip rate of a spreading 
code signal representative of the selected spreading code Cs 
being represented by Re; the bandwidth of the spectrum 
spread signal 13 being represented by W.; the spectrum 
spreading ratio or factor being represented by K; and the 
multilevel index or factor of the information modulator 20 
being represented by m. Herein, the following relationship 
holds: 

W-2Rc, K-Ro/Rb, and 

Substituting n=4 and m=2 into Equations (4), the datarate 
is given by: 

It will be understood from Equation (3) that, in a case where 
n=4 and m=2, the data rate Ra of the serial information 
signal 10 is increased to twice as compared with the prior art 
of FIG. 1, provided that the bandwidth W and the spectrum 
spreading ratio Kare identical with those used in the prior 
art of FIG.1. Thus, even when the information modulator 20 
carries out the QPSK as the information modulation, the data 
rate can be substantially increased. 

In the foregoing description, n is equal to 4. In order to 
further increase the data rate in the information modulation 
by the QPSK (m=2), n is selected to be equal to 6 (three 
times the prior art) or 8 (four times the prior art). Thus, it is 
possible to increase the data rate to n/2 times as high as that 
of the prior art by selecting a greater value of n. However, 
such a high data rate requires an increased number of the 
spectrum spreading codes as represented by 2°. 
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According to this invention, the data rate is substantially 
increased in the information modulation by the QPSK 
system. It is therefore possible to avoid deterioration of the 
bit error rate which is caused in the 16PSK system. In 
addition, it is unnecessary to secure the linearity in the radio 
portion of the radio information receiving device in the 
16QAM system. 
Turning to FIG. 3, description will proceed to a radio 

information transmitting device for use in carrying out a 
spread spectrum method according to a second embodiment 
of this invention. The radio information transmitting device 
comprises still another spread spectrum device 12". 

In the spread spectrum device 12", a serial to parallel 
converter 24 converts the serial information signal 10 into a 
parallel signal of n=(i+qu--v) bits, where each of i, q, u, and 
v represents a positive integer, i being equal to q (m-i-q). 
Connected to the serial to parallel converter 24, an infor 
mation modulator 25 carries out information modulation on 
ibits among the (i-qi-u-v) bits of the parallel signal and on 
q bits among the (i+q-u-v) bits of the parallel signal to 
produce first and second modulated information signals I 
and Q, respectively. 
A first spreading code generator 211 generates first spec 

trum spreading codes which are equal in number to 2" and 
are different from one another. In the illustrated example, the 
first spectrum spreading codes are labelled CI1, C2, ..., 
and CIk. Connected to the serial to parallel converter 24 and 
the first spreading code generator 211, a first spreading code 
selector 221 selects, as a first selected spreading code, one 
of the first spectrum spreading codes that is specified by u 
bits of remaining (u--v) bits among the (i+q-ul-v) bits of the 
parallel signal. 

Thus, a combination of the first spreading code generator 
211 and the first spreading code selector 221 serves as a first 
selective spreading code producing circuit having the first 
spectrum spreading codes which are equal in number to 2" 
and are different from one another. Connected to the serial 
to parallel converter 24, the first selective spreading code 
producing circuit selectively produces, as the first selected 
spreading code, one of the first spectrum spreading codes 
that is specified by the ubits of remaining (u-v) bits among 
the (i+qu--v) bits of the parallel signal. 
A second spreading code generator 212 generates second 

spectrum spreading codes which are equal in number to 2' 
and are different from one another and from the first spec 
trum spreading codes. In the illustrated example, the second 
spectrum spreading codes are labelled CQ1. CQ2, . . . . and 
CQk. Connected to the serial to parallel converter 24 and the 
Second spreading code generator 212, a Second spreading 
code selector 222 selects, as a second selected spreading 
code, one of the second spectrum spreading codes that is 
specified by remaining v bits among the (i+q-u-v) bits of 
the parallel signal. 

Thus, a combination of the second spreading code gen 
erator 212 and the second spreading code selector 222 serves 
as a second selective spreading code producing circuit 
having the second spectrum spreading codes which are equal 
in number to 2' and are different from one another and from 
the first spectrum spreading codes. Connected to the serial to 
parallel converter 24, the second selective spreading code 
producing circuit selectively produces, as the second 
Selected spreading code, one of the second spectrum spread 
ing codes that is specified by the remaining v bits among the 
(i+qu-v) bits of the parallel signal. 

Connected to the information modulator 25 and the first 
spreading code generator 221, a first multiplier (which 
serves as a first spectrum spreading circuit) 231 carries out 
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10 
spectrum spreading on the first modulated information sig 
nal I on the basis of the first selected spreading code to 
produce a first spectrum spread signal. Connected to the 
information modulator 25 and the second spreading code 
generator 222, a second multiplier (which serves as a second 
spectrum spreading circuit) 232 carries out spectrum spread 
ing on the second modulated information signal Q on the 
basis of the second selected spreading code to produce a 
second spectrum spread signal. The first and the second 
spectrum spread signals I and Q are for use collectively as 
the spectrum spread signal 13. 

Connected to the first and the second multipliers (namely, 
the first and the second spectrum spreading circuits) 231 and 
232, a radio portion (which serves as a transmitting circuit) 
18' transmits the first and the second spectrum spread signals 
as the radio information signal 11 through the antenna 19. 
The radio portion (namely, the transmitting circuit) 18' 

comprises a quadrature modulating circuit which comprises 
a carrier generator 26, a TU2 phase shifter or converter 27 
(labelled TU2), multipliers 28 and 29, and an adder 30 and 
carries out quadrature modulation on the first and the second 
spectrum spread signals to produce a quadrature modulated 
signal as the radio information signal 11 through the antenna 
19. The carrier generator 26 produces a radio carrier signal 
having a radio frequency. The TL/2 phase shifter 27 shifts a 
phase of the radio carrier signal by TL/2 to produce a shifted 
carrier signal. The multiplier 28 multiplies the first spectrum 
spread signal and the radio carrier signal to produce a first 
multiplied signal. The multiplier 29 multiplies the second 
spectrum spread signal and the shifted carrier signal to 
produce a second multiplied signal. The adder 30 adds the 
first and the second multiplied signals together to produce an 
added signal as the quadrature modulated signal. 

It will be assumed here that n=6, i=q=1, and u=v-2. In 
other words, the information modulator 21 carries out infor 
mation modulation of the QPSK (m=i=q=2). The first and 
the second spreading code generators 31 and 32 have first 
and the second spectrum spreading code sets, each of which 
includes four spectrum spreading codes (eight spectrum 
spreading codes in total). The data rate Ra of the serial 
information signal 10 is calculated from Equation (4) as 
follows: 

Raa3WAK. 

Thus, the data rate is three times as high as that of the prior 
art of FIG. 1. If it is desired to further increase the data rate 
in this second embodiment, the value of n is selected to be 
equal to 8 (four times the prior art) or 10 (five times the prior 
art) in the information modulation of the QPSK, in the 
manner similar to the first embodiment of FIG. 2. Thus, it is 
possible to increase the data rate to n/2 times as high as that 
of the prior art by selecting a greater value of n. However, 
such a high data rate requires an increased number of the 
spectrum spreading codes as represented by (2'-2') as 
described in conjunction with the first embodiment of FIG. 
2. 

In this second embodiment, the number of the spectrum 
spreading codes to be used is Smaller than that required in 
the first embodiment of FIG. 2. It is assumed here that u is 
equal to v and that m (=it-q) is equal to 2. In this event, in 
(=u--v-m) is equal to (2u-2). That is, n=(2u-2)=2(u+1) or 
n/2=(u--1). The number (2"+2') of the spectrum spreading 
codes in this second embodiment of FIG. 3 is therefore equal 
to (2"+2")=2'-2'. On the other hand, the number of the 
spectrum spreading codes in the first embodiment of FIG. 2 
is equal to 2°. For the information modulation of the 
QPSK, the numbers of the spectrum spreading codes in the 
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second and the first embodiments of FIGS. 3 and 2 are 
shown in the following table with respect to the different 
values of n. 

TABLE 

Value of n 4 6 8 10 
Increase in Data Rate 2 times 3 times 4 times 5 times 
Number of Spreading 2’ 23 24 25 
Codes (FIG. 3) 
Number of Spreading 2 24 26 28 
Codes (FIG. 2) 

Turning to FIG. 4, a radio information receiving device is 
used as a counterpart of the radio information transmitting 
device of FIG. 2. The radio information receiving device 
comprises an antenna 31, a radio portion 32 including a 
quadrature demodulator, an A/D (analog-to-digital) con 
verter 33, a matched filter 34, a selective spreading code 
producing circuit 35 for producing the spectrum spreading 
codes C1 to Ck used in the radio information transmitting 
device of FIG. 2, a synchronization circuit 36 for extracting 
from a received information signal a symbol timing of the 
radio information transmitting device of FIG. 2, a maximum 
value detector 37, an information demodulator 38, and a 
parallel to serial converter 39. The selective spreading code 
producing circuit 35 is similar in structure and in operation 
to the selective spreading code producing circuit 21 and 22 
of FIG. 2. 

Operation of the radio information receiving device will 
be described. In the following description, n is equal to 4 as 
described in conjunction with the first embodiment of FIG. 
2. The radio information signal 11 (FIG.2) is received as the 
received information signal by the antenna 31. The received 
information signal is supplied through the antenna 31 to the 
radio portion 32 and is subjected to quadrature demodulation 
to be produced as a demodulated information signal. The 
demodulated information signal is converted by the AWD 
converter 33 into a digital information signal. Then, the 
matched filter 34, which serves as a correlation detector, 
calculates correlation between the digital information signal 
and the spectrum spreading codes C1 to Ck supplied from 
the selective spreading code producing circuit 35 to produce 
four correlation values. The maximum value detector 37 
detects the maximum value among the four correlation 
values to determine an estimated spreading code which is 
estimated to be the selected spreading code selected by the 
spreading code selector 22 in the radio information trans 
mitting device of FIG. 2 for each symbol of the modulated 
information signal. Two bits corresponding to the estimated 
spreading code are decoded by the maximum value detector 
37 into the (n-m) bits of the parallel signal produced by the 
serial to parallel converter 14 of the radio information 
transmitting device of FIG. 2. 
On the other hand, as a result of demodulation carried out 

by the information demodulator 38 in correspondence to the 
maximum value of the four correlation values, them bits of 
the parallel signal produced by the serial to parallel con 
verter 14 of the radio information transmitting device of 
FIG. 2 are obtained. The parallel to serial converter 39 
converts them bits and the (n-m) bits into n bits of a serial 
information signal which is identical with the serial infor 
mation signal 10 (FIG.2). Herein, switching of the spectrum 
spreading codes in the selective spreading code producing 
circuit 35, detection of the maximum value in the maximum 
detector 37, and demodulation in the information demodu 
lator 38 are carried out in synchronism with the symbol 
timing extracted by the synchronization circuit 36. 
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Description will now proceed to the spectrum spreading 

codes used in this invention. 
In the private branch radio communication network of, for 

example, the radioLAN, communication quality depends on 
a characteristic of resistance or tolerance to a multipath. 
Accordingly, this invention uses the spectrum spreading 
codes which do not cause deterioration of the error rate even 
in a multipath environment. 
As described in conjunction with FIG. 4, the radio infor 

mation receiving device includes the matched filter 34 as the 
correlation detector. If only inverse spreading signal infor 
mation at a synchronization point of the symbol timing 
extracted by the synchronization circuit 36 is provided, the 
maximum value detector 37 and the information demodu 
lator 38 in the radio information receiving device can carry 
out the maximum value detecting operation and the demodu 
lating operation, respectively. Therefore, the spectrum 
spreading code Cs (where s is consecutively variable 
between l and k, both inclusive) used in this invention is 
required to satisfy the following conditions, taking the 
influence of the multipath into consideration. 

Condition (1) 
Autocorrelation illustrated in FIG. 5 is represented by: 

TO/2 

The autocorrelation is Small except the synchronization 
points (t=0) as illustrated in FIG. 6. 

Condition (2) 
Cross-correlation illustrated in FIG. 7 is represented by: 

TO2 

RCsCs'(t)= utof 
-TO/2 

The cross-correlation is Small including the synchroniza 
tion points (t=0). Alternatively, the cross-correlationis small 
at the synchronization points (t=0) and the proximity thereof 
as illustrated in FIG. 8 in case of a two-dimensional code. 
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The cross-correlation in a remaining area is Smaller than the 
peak value of autocorrelation at the synchronization points. 
It is noted here that the proximity of the synchronization 
points is such a range that sufficiently covers variation of 
delay (about 100 nanoseconds) in a room. 

Condition (3) 
The balance in polarity is kept. Specifically, in case of the 

one-dimensional code illustrated in F.G. 6, the total numbers 
of +1 and -1 are balanced. 

In this invention, the spectrum spreading code Cisatis 
fying the conditions (1), (2), and (3) is a one-dimensional 
code or a two-dimensional code representing a complex 
number. When the spectrum spreading code Ci is the one 
dimensional code, the multipliers 23, 231, and 232 of the 
radio information transmitting device of FIGS. 2 and 3 and 
the matched filter 34 of the radio information receiving 
device of FIG. 4 advantageously have a simple structure. 
On the other hand, the cross-correlation between the 

spectrum spreading codes and the autocorrelation except at 
the synchronization points (t=0) must be as small as possible 
in view of the characteristic of resistance to the multipath. 
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For this purpose, the two-dimensional code (complex 
number) is Superior than the one-dimensional code as the 
spectrum spreading code Cisatisfying the above-mentioned 
conditions. This is because, when the code length is depicted 
by k(determined by the spreading ratio K), the total number 
of the spectrum spreading codes possibly used in case of the 
one-dimensional code is equal to 2 while the total number 
of the spectrum spreading codes possibly used in case of the 
two-dimensional code is not smaller than 2'. However, 
when the two-dimensional code is used as the spectrum 
spreading code Ci, the multipliers 23, 231, and 232 of the 
radio information transmitting device of FIGS. 2 and 3 and 
the matched filter 34 of the radio information receiving 
device of FIG. 4 should carry out complex calculation. This 
inevitably requires a complicated structure. 

In order to avoid the above-mentioned disadvantage, the 
spectrum spreading code Cs is given by Cs=a+b according 
to this invention and (a,b) is restricted to four points (1,0). 
(0, 1), (-1, 0). and (0, -1), as illustrated in FIG. 8. 
Specifically, the spectrum spreading code Cs is a code 
sequence selected from (1, j, -1, -j). When the spectrum 
spreading code is defined as mentioned above, multiplica 
tion between a given complex number A and the spectrum 
spreading code Cs is carried out in the following manner: 
AX1 . . . untouched 

Axj... rotation by -90° (I and Q replaced) 
Ax-1... rotation by -180° 
AX-j... rotation by -90° (I and Q replaced) 

Thus, the multipliers 23, 231, and 232 of the radio infor 
mation transmitting device of FIGS. 2 and 3 and the matched 
filter 34 of the radio information receiving device of FIG. 4 
are not required to carry out the complex calculation. 
Therefore, the circuit structure can be simplified as in the 
case of the one-dimensional code. 

It will be understood that this invention is not restricted to 
the information modulation by the QPSK. If an increase in 
data rate is a top priority even with an increased cost, this 
invention is adapted to the 8PSK or the 16PSK with an 
increased number of levels. In this case, a remarkable 
increase can be achieved which is never attained by the prior 
art. 

Turning to FIG. 9, a radio information receiving device is 
used as a counterpart of the radio information transmitting 
device of FIG. 3 and is similar to the radio information 
receiving device of FIG. 4 except for the following. The 
radio portion 2 including the quadrature demodulator 32 
produces the first and the second spectrum spread signals I 
and Q and delivers the first and the second spectrum spread 
signals I and Q through first and second A/D converters 331 
and 332 to first and second matched filters 341 and 342. 
Each of the first and the second A/D converters 331 and 332 
is similar in structure and in operation to the A/D converter 
33 of FIG. 4. First and second selective spreading code 
producing circuits 351 and 352 produce first spectrum 
spreading codes CI1 to CIk and second spectrum spreading 
codes CQ1 to CQk which are used in the radio information 
transmitting device of FIG.3 and which are delivered to the 
first and the second matched filters 341 and 342. The first 
selective spreading code producing circuit 351 is similar in 
structure and in operation to the first selective spreading 
code producing circuit 211 and 221 of FIG. 3. The second 
selective spreading code producing circuit 352 is similar in 
structure and in operation to the second selective spreading 
code producing circuit 212 and 222 of FIG. 3. Each of the 
first and the second matched filters 34 and 342 is similar in 
structure and in operation to the matched filter 34. Output 
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14 
signals of the first and the second matched filters 341 and 
342 are delivered to first and second maximum value 
detectors 371 and 372, respectively, and are delivered to first 
and second information demodulators 381 and 382, respec 
tively. Each of the first and the second maximum value 
detectors 371 and 372 is similar instructure and in operation 
to the maximum value detector 37 of FIG. 4. Each of the first 
and the second information demodulators 381 and 382 is 
similar in structure and in operation to the information 
demodulator 38 of FIG. 4. 

Supplied with the output signals of the first and the second 
matched filters 341 and 342, the synchronization circuit 36 
controls the first and the second matched filters 341 and 342, 
the first and the second maximum value detectors 371 and 
372, and the first and the second information demodulators 
381 and 382 in the manner similar to the synchronization 
circuit 36 of FIG. 4. As a result, the first maximum value 
detector 371 recovers the u bits of the parallel signal 
produced by the serial to parallel converter 24 of FIG. 3. 
Likewise, the second maximum value detector 372 recovers 
the v bits of the parallel signal produced by the serial to 
parallel converter 24 of FIG. 3. The first information 
demodulator 381 recovers the ibits of the parallel signal 
produced by the serial to parallel converter 24 of FIG. 3. 
Likewise, the second information demodulator 382 recovers 
the q bits of the parallel signal produced by the serial to 
parallel converter 24 of FIG. 3. Outputs of the first and the 
second maximum value detectors 371 and 372 and the first 
and the second information demodulators 381 and 382 are 
delivered to the parallel to serial converter 39 to be con 
verted into a serial information signal identical with the 
serial information signal 10 of FIG. 2. 
What is claimed is: 
1. A spread spectrum device for spectrum spreading a 

serial information signal into a spectrum spread signal, said 
spread spectrum device comprising: 

a serial to parallel converter for converting said serial 
information signal into a parallel signal of n bits, where 
in represents an integer not smaller than two; 

an information modulator connected to said serial to 
parallel converter for carrying out information modu 
lation on m bits among the n bits of said parallel signal 
to produce a modulated information signal, where m 
represents a positive integer Smaller than n; 

Selective spreading code producing means having spec 
trum spreading codes which are equal in number to 
2" and are different from one another, said selective 
spreading code producing means being connected to 
said serial to parallel converter for selectively 
producing, as a selected spreading code, one of said 
spectrum spreading codes that is specified by remaining 
(n-m) bits among the n bits of said parallel signal; and 

spectrum spreading means connected to said information 
modulator and said selective spreading code producing 
means for carrying out spectrum spreading on said 
modulated information signal on the basis of said 
selected spreading code to produce the spectrum spread 
signal. 

2. A spread spectrum device as claimed in claim 1, 
wherein said selective spreading code producing means 
comprises: 

a spreading code generator for generating said spectrum 
spreading codes; and 

a spreading code selector connected to said serial to 
parallel converter and said spreading code generator for 
selecting, as said selected spreading code, said one of 
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the spectrum spreading codes that is specified by said 
remaining (n-m) bits. 

3. A method of transmitting a serial information signal as 
a radio information signal, said method comprising the steps 
of: 

serial to parallel converting said serial information signal 
into a parallel signal of n bits, where n represents an 
integer not smaller than two; 

carrying out information modulation on m bits among the 
in bits of said parallel signal to produce a modulated 
information signal, where m represents a positive inte 
ger Smaller than n; 

Selectively producing, as a selected spreading code, one of 
Spectrum spreading codes which are equal in number to 
2" and are different from one another, said one of 
spectrum spreading codes being specified by remaining 
(n-m) bits among the n bits of said parallel signal; 

carrying out spectrum spreading on said modulated infor 
mation signal on the basis of said selected spreading 
code to produce a spectrum spread signal; and 

transmitting said spectrum spread signal as said radio 
information signal. 

4. A method as claimed in claim 3, wherein said selec 
tively producing step comprises the steps of: 

generating said spectrum spreading codes; and 
Selecting, as said selected spreading code, said one of the 

spectrum spreading codes that is specified by said 
remaining (n-n) bits. 

5. Aradio information transmitting device for transmitting 
a serial information signal as a radio information signal, said 
radio information transmitting device comprising: 

a Serial to parallel converter for converting said serial 
information signal into a parallel signal of n bits, where 
in represents an integer not smaller than two; 
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an information modulator connected to said serial to 

parallel converter for carrying out information modu 
lation on m bits among the n bits of said parallel signal 
to produce a modulated information signal, where m 
represents a positive integer smaller than n; 

Selective spreading code producing means having spec 
trum spreading codes which are equal in number to 
2" and are different from one another, said selective 
spreading code producing means being connected to 
said serial to parallel converter for selectively 
producing, as a selected spreading code, one of said 
spectrum spreading codes that is specified by remaining 
(n-m) bits among the n bits of said parallel signal; 

spectrum spreading means connected to said information 
modulator and said selective spreading code producing 
means for carrying out spectrum spreading on said 
modulated information signal on the basis of said 
selected spreading code to produce a spectrum spread 
Signal; and 

transmitting means connected to said spectrum spreading 
means for transmitting said spectrum spread signal as 
said radio information signal. 

6. A radio information transmitting device as claimed in 
claim 5, wherein said selective spreading code producing 
means comprises: 

a spreading code generator for generating said spectrum 
spreading codes; and 

a spreading code selector connected to said serial to 
parallel converter and said spreading code generator for 
selecting, as said selected spreading code, said one of 
the spectrum spreading codes that is specified by said 
remaining (n-m) bits. 

:: * : *k sk 


